Zearalenone (ZON) is a potent estrogenic mycotoxin produced by several Fusarium species most 26 frequently on maize and therefore can be found in food and animal feed. Since animal production 27 performance is negatively affected by the presence of ZON, its detoxification in contaminated 28 plant material or byproducts of bioethanol production would be advantageous. Microbial 29 biotransformation into nontoxic metabolites is one promising approach. In this study the main 
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INTRODUCTION 46 47
Zearalenone (ZON) is the main member of a growing family of biologically important 48 "resorcylic acid lactones" (RAL´s), which have been found in nature. ZON is produced by 49 several Fusarium species, which colonize maize, barley, oat, wheat and sorghum and tend to 50 develop ZON during prolonged cool, wet growing and harvest seasons [38] . Maize is the most 51 frequently contaminated crop plant and therefore ZON can be found frequently in animal feeding 52 stuff. Occurrence, toxicity, and metabolism data of ZON were summarized by the European Food 53
Safety Authority (EFSA) [23] and in recent reviews [38, 12] . 54
The potent xenohormone ZON is leading to hyperestrogenism symptoms and in extreme 55
cases to infertility problems especially in pigs [15] . Ovarian changes in pigs have been noted at 56 toxin levels in the diet as low as of 50 µg/kg [1] . Ruminants are more tolerant to ZON ingestion, 57 however a hyperestrogenic syndrome including restlessness, diarrhoea, infertility, decreased milk 58 yields and abortion have been well documented in cattle and sheep [4, 30] . 59
Because widespread ZON contamination in feed can occur in problematic years, efficient 60 ways of detoxification are desirable. The transformation of mycotoxins to non-toxic metabolites 61 by pure cultures of microorganisms or by cell-free enzyme preparations [3] are attractive 62 possibilities. Microbial metabolisation of ZON to alpha-ZOL and beta-ZOL can not be regarded 63 as detoxification, because both ZOL products are still oestrogenic [14] . Also formation of ZON-64 glucosides, -diglucosides [17, 7] and ZON-sulfate [10], can not be considered as true 65 detoxification but rather as formation of masked mycotoxins, because the conjugates may be 66 hydrolysed during digestion [11, 24] Collision energy and the declustering potential for m/z 351.1 were (DP: -51 V, CE: -38 eV). 142
Data acquired by the DAD were recorded at 220 and 270 nm. 143 ZOM-1 isolation and purification. Ethyl acetate was added in a ratio of 0.5:1 (v/v) to the 144 clarified culture fluid and extraction was repeated three times. The combined organic fractions 145 were dried over anhydrous sodium sulphate (Na 2 SO 4 ), concentrated to dryness in a rotary 146 evaporator and the residue was reconstituted in ethyl acetate and transferred to a 4 mL screw vial 147
where it was evaporated again in a steam of nitrogen gas to a yield 42.5 mg of crude residue. The 148 crude residue was reconstituted in 2 mL of a mixture of MeOH/H 2 O (70:30), cleared by 149 centrifugation and the supernatant was transferred to a HPLC-vial. 150 ZOM-1 isolation was done at 25 °C on a semi preparative Phenomenex Luna ® C18(2) 151 column (Phenomenex Inc., Torrance, CA,. USA) 250x 10.0mm (length x i.d.), 5 µm particle size, 152 including a C18 security guard column (10.0x10.0 mm; 5µm). The injection volume was 80 µL, 153 while the flow rate was 3.0 mL/min. The mobile phases consisted of A=H 2 O/HCOOH (50 µL/L) 154 and B=MeOH/HCOOH (50 µL/L). Elution started isocratically at 65% B for 14 min, increased to 155 95% to wash the column and returned to 65% B for column equilibration. Fractions belonging to 156 ZOM-1 were collected after peak detection at 270 nm. After solvent evaporation using nitrogen 157 gas flow and over night lyophilisation the yield of isolated ZOM-1 was 16.7 mg. 158 ZOM-1 characterisation via TOF-MS. Accurate-mass measurements of the purified 159 ZOM-1 were performed on an ESI micrOTOF™ mass spectrometer (Bruker Daltonik, Bremen, 160 Germany) with flow injection. 161 and true isotopic patterns for the calculation of molecular formulae. The mass accuracy tolerance 165 window of generated masses was set to 30 ppm in order to check how many hits are possible in 166 the mass range of interest. Only molecular formula of ions which yielded "sigma value" < 0.02 167 (sigma is an indicator value for the isotopic pattern fit) were considered as confident. 168
Calibration was done internally using sodium formiate clusters [Na(NaCOOH Comparison between DAD chromatograms after cultivation of MTV alone (culture controls) and 216 co-cultivation of MTV and ZON, both treated in the same manner, resulted in the identification 217 of one main ZON-derived metabolite (ZOM-1) eluting at a retention time (RT) of 18.2 min. (Fig.  218 1). The increase of ZOM-1 concentration over incubation time is illustrated in Fig. 1-insert . 219 ZOM-1 concentration was estimated by assuming equal UV-response as for ZON at same 220 concentration. This seemed to be feasible since no other major metabolites were detected in the 221 samples and UV-spectra of both ZON and ZOM-1 were similar (data not shown). After 48 h of 222 incubation 95% of ZON was metabolised. It was converted to ZOM-1, which appeared to be 223 stable for several days, indicating that ZOM-1 constitutes a stable metabolisation end-product 224 under the conditions applied. 225
The data of the LC-MS total ion chromatogram (TIC) obtained in the negative enhanced 226 full scan mode (EMS) confirmed the formation of one main ZON metabolite at 18.2 min. After 227 subtraction of the culture control TIC chromatograms, the resulting full scan mass spectra of the 228 putative ZOM-1 (Fig. 2a) was evaluated in detail. Initially this spectrum was difficult to interpret, 229 however after combining these data with additional measurements in the positive ionisation mode 230 suggested the molecular formula C 18 H 24 NaO 7 with an accuracy of -0.554 ppm and a calculated 261 sigma factor of 0.0043. The spectrum also included an + adduct formed at m/z 262
263
The complete molecular structure of ZOM-1 was finally determined by NMR analysis. 264
From 1 H and 13 C-APT spectra (Table 1) it was evident by comparison that a substantial part of 265 the ZON structure is preserved in ZOM-1, namely the tetrasubstituted aromatic ring including the 266 benzoic ester moiety and the olefinic double bond. This was proven by two-dimensional spectra 267 The shifts of the 5' signals (61.5 ppm and 3.64 ppm, resp.) and the lack of any further couplings 283 led to the conclusion of a terminal CH 2 OH group. 284
Therefore by means of a complete NMR spectroscopic analysis we concluded that 285 transformation of ZON by T. mycotoxinivorans into ZOM-1 occurs by cleavage of the lactone 286 undecyl ring system at the ketone group at C6' leading to formation of 5-({2,4-dihydroxy-6-287
[(1E)-5-hydroxypent-1-en-1-yl]benzoyl}oxy)hexanoic acid (Fig. 2b) in accordance with the 288 molecular formula elucidated by mass spectrometry. 289
With the purified ZOM-1 an estrogenicity test was conducted. The growth of the indicator 290 yeast strain YZRM7, as well as the positive control strain YZGA376 on SC-His-Ura plates 291 supplemented either with ZON or ZOM-1 is shown in Fig. 3a . Whereas a concentration of 3 nM 292 ZON (~ 1 µg/L ZON) allowed growth of the estrogen dependent bioassay strain YZRM7, an 293 even thousand-fold higher concentration of ZOM-1 did not. This indicates that either ZOM-1 is 294 not estrogenic in vivo or that the ZOM-1 metabolite with its carboxy group is effectively 295 excluded from the cytosol of yeast. To exclude this second possibility we directly tested the 296 interaction of ZOM-1 with the human estrogen receptor protein in vitro. The assay we used is 297 based on alpha complementation of β-galactosidase by an enzyme acceptor and a steroid-298 hormone-linked donor peptide. Enzyme complementation is prevented, if the estrogen receptor 299 protein binds to the conjugated steroid. The addition of a competitor compound that binds to the 300 estrogen receptor and displaces the steroid-hormone-linked donor peptide allows reconstitution of 301 active β-galactosidase. The enzymatic activity is then measured by the hydrolysis of a 302 β-galactosidase substrate yielding a luminescent product. As shown in Fig. 3b, addition of ZON  303 caused a dose dependent increase of β-galactosidase activity. In contrast, ZOM-1 at the same 304 concentrations was inactive. In order to facilitate metabolite identification and characterisation high concentrations of 312 ZON (10 and 50 mg/L) were used in simple cultivation medium lacking some nutrients. 313 Therefore, the incubation period had to be extended since under these conditions the ZON 314 metabolising activity of MTV is reduced. Moreover, additional metabolization experiments using 315 complex culture media were carried out, which demonstrated a fast transformation of ZON to 316 ZOM-1, and further currently uncharacterized metabolites in minor amounts (data not shown). 317
LC-MS/MS and TOF-MS measurements demonstrated structural similarity of ZOM-1 to 318
ZON and revealed its fragment pattern and molecular formula. Subsequent NMR analysis of the 319 purified metabolite confirmed its identity as (5S)-5-({2,4-dihydroxy-6-[(1E)-5-hydroxypent-1-en-320 1-yl]benzoyl}oxy)hexanoic acid. The opening of the ring at the keto group of the macrocyclic 321 ring of ZON and formation of a carboxy and hydroxy group is different from the hydrolysis of 322 the pre-existing lactone in ZON by Gliocladium/Clonostachys (followed by decarboxylation). 323
The product ZOM-1 probably is formed by the proposed two step mechanism illustrated in Fig. 4 . 324 First, the macrocyclic ring is extended by insertion of an oxygen next to the carbonyl group, and 325 the thereby newly formed lactone is then opened in a second step to give ZOM-1. The first 326
Baeyer-Villiger reaction (for review see: [5] ) typically requires a NAD(P)H-dependent 327 flavoenzyme of the class of Baeyer-Villiger monooxygenases [35] It is interesting to note, that this hypothetical lactonase must have high specificity, since the pre-335 existing lactone in ZON, that is targeted by the lactone hydrolase of Gliocladium, remains 336 unchanged in ZOM-1. 337
The most significant finding of our work is that the ZOM-1 metabolite is not estrogenic in 338 vivo and does not interact in vitro with the estrogen receptor protein. This result is in accordance 339
with the result of a previous estrogenicity test with human breast cancer cell line, 340 performed with the non-purified substance and showing the loss of ZOM-1 estrogenicity [28] . 341
The novel detoxification mechanism of ZON by MTV is therefore highly attractive for 342 biological detoxification of ZON. Since MTV can be fermented, concentrated, freeze dried, and 343 stabilized without loosing its deactivating abilities its utilisation as a feed additive for mycotoxin 344 detoxification seems practicable. By elucidating the genetic basis of the detoxification reaction 345 and cloning of the corresponding gene(s) it may also become feasible to develop enzymatic 346 detoxification systems [36] 
